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Why Do We Need tagSNPs? SNPs Are Correlated
(aka linkage disequilibrium)
Ex E2F2,
“the nonindependence of alleles at different sites.” pritchard and Przeworski 2001

Genotype at one site can predict genotype at another site

Too Many SNPs to Genotype!
Proportion of sites
are correlated
_—

Whole Genome: Average Gene:
*26.5 kb

* 130 SNPs
* 6,000,000 SNPs > 5% MAF « 44 SNPs 25% MAF

15,000,000 SNPs

I Ty e et

Measuring Pair-wise SNP Correlations LD Statistics: Practical Uses

* 12 is inversely related to power

» SNP correlation described by linkage disequilibrium (LD) .
%

1,000 controls 1,250 controls

« Pair-wise measures of LD: D" and r2 1,000 cases 1,250 cases
r2=1.0 r2=0.80

D = ppg - PaPg; D" = D/D .y Recombination

« D’ is related to recombination history
r2= D?

f(A)(AJBHf(BY) =1 no recombination

D' <1 historical recombination




Where to Find Population LD Statistics Where to Find Population LD Statistics

For your gene or region of interest, search For your gene or region of interest, search
apMap www.hapmap.org

* Perlegen genome.perlegen.com

 SeattleSNPs PGA pga.gs.washington.edu

* NIEHS SNPs egp.gs.washington.edu ¢ NIEHS SNPs egp.gs.washington.edu

Visualizing Pair-wise LD Visualizing Pair-wise LD
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Visualizing Pair-wise LD Multi-SNP Correlations
(aka Haplotypes)

..a unique combination of genetic markers present
in @ chromosome.” pg 57 in Hartl & Clark, 1997
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Constructing Haplotypes

Collect pedigrees Somatic cell hybrids

Cic, AIG
Human

Allele-specific PCR

SNP 1

v

CIT

Haplotypes in NIEHS SNPs

» >550 genes re-sequenced
Cell cycle, DNA repair/replication, apoptosis

* 2 DNA panels
1: Polymorphism Discovery Resource (PDR90)
2: Europeans, Africans, Hispanics, and Asians

* PHASEV2.0 results posted on website

« Interactive tool (VH1) to visualize and sort haplotypes

http://egp.gs.washington.edu

Haplotypes in NIEHS SNPs
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Constructing Haplotypes

Examples of Haplotype Inference Software:

EM Algorithm
Haploview

http://www.broad.mit.edu/mpg/haploview/
Arlequin

http://Igb.unige.ch/arlequin/

PHASE v2.1
http://www.stat.washington.edu/stephens/software.html

HAPLOTYPER

http://www.people.fas.harvard.edu/~junliu/Haplo/docMain.htm

Haplotypes in NIEHS SNPs

National Institute of Environmental Health Sciences
Environmental Genome Project

| P
Welcome to the NIEHS SNPs Program s e
Introduction
TS v G Pt 3 i

"The NIEHS SPs Program a1 the i o Washington ¢
2) n omitonm

disase ok n U

esponse genes onfinding
Sty man ebas et A e e i under Gene Tarsets 0 1he
S Eeiavan  wigton o oo ) Uty o ol ot e v g o monen one ot

Pathuay mage Mps
GeneSNPs Database
NEHS SNPs st bl i the GarsSHPs database as vall a the natonalcalabase rasource, SIGP.

N s ez
Tarstton G el

e NS T dasis oo 3
ool

T it s ke 1 clscin o ol A2 405 oaded 1 SIS ecaes 5 1 an

population stucos

Polymorphism Analysis

osge Pober e O seqarcs s b ued o ot nd g P in uman candidas ganes (sex

Visun Genatypes ra v o e e o g
il st e US sl e S
VisusHapioopes gene of
Bpuision Destiptons Pane 21 All SN hav been ot veing ol high aaly seauence dea (0>

oy sequan:eﬂ across a el of 30
crptions Panel 1) Candidale

Haplotypes in NIEHS SNPs

National Institute of Environmental Health Sciences
Environmental Genome Project

L Finished Genes aphabetical directory by Huoo Gene Name)

AIBICIDIEIFIGIHI B LIMINO | PIQRISIT | UZ

Gene
Pt —
Friche Genes Tl

Fropose Corcs Toie

Genatyping
e e
Gencyona aiodosay
Gones Ganotyed
Sinrvey Geretyong ets




Haplotypes in NIEHS SNPs
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Using LD and Haplotypes to Pick tagSNPs
* 12 is inversely related to power
1/r?
1,000 cases 1,250 cases
1,000 controls =1.0 1,250 controls
Example: LDSelect
« D’ is related to recombination history

no recombination
historical recombination

Example: Haplotype “blocks”

Haplotypes in GeneSNPs
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Haplotspes for MB

Using LD and Haplotypes to Pick tagSNPs
* 12 is inversely related to power

1/r?
1,000 cases 1,250 cases
1,000 controls .0 1,250 controls r

Example: LDSelect

Discovery genotype data pair-wise LD pick tagSNPs
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LDSelect: Using LD to Pick tagSNPs

LDSelect
« Uses SNP discovery data (not haplotypes)
« Finds all correlated SNPs to minimize the total number
« Maintains genetic diversity of locus

Carlson et al. AJHG (2004)

SNP Selection: tagSNP Data

s roge_ounor_stele_

Categorizing tagSNPs
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TagSNPs Are Population Specific

European-descent (BLM
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Side Note: Categorizing tagSNPs

* SNP context
Nonrepetitive > repetitive

* Location of SNP
Coding > noncoding

* Function
Nonsynonymous > sy

Haplotypes in Genetic Association Studies

Two main approaches with haplotypes:

Haplotypes Pick tagSNPs

Pick tagSNPs

Infer haplotypes

Genotype samples

Test for association



Haplotypes in Genetic Association Studies

Two main approaches with haplotypes:

Haplotypes Pick tagSNPs Genotype samples

Recombination

Natural selection
Population history
Population demography

Haplotype block definition

Block Definitions

black1  block2  bleckd Bock4  blockS  blocks black 7 blocks  Blocka  black 10 block 11
B3 4k EY EE w2k Nz sk 10k
T . oan ET— o o om o o

D’ [Gabriel et al Science (2002)]

Haplotype Blocks and tagSNPs

Identifying blocks and tagSNPs:

* Manually

Visual haplotype

Haplotype “Blocks”

] L ]

P bkckt  beckz  bleckd  Bockd  blocks blecks block T Dok blackd  blockin bleck 1t
T S o TS ik T o s o

Strong LD Few Haplotypes Represent most chromosomes

Block Definitions

Four-gamete test:

— block

<4 haplotypes, D=1

4 haplotypes, D'<1 —— boundary

Haplotype Blocks and tagSNPs

tagSNPs

16 SNPs (MAF >10%)
6 “common” haplotypes




Haplotype Blocks and tagSNPs

Identifying blocks and tagSNPs:

Algorithms
HapMap and HaploView

International
p International HapMap Project

Home | About e Project| Data | Publcaions | Tutrial

2 mstructir [ E etk rlor.
magmineaton and postian

Examplos |CI¥20,CHiO:650,000.760,000 , SNP56870660, NM_153251, BRCAZ 531, EN010

=y
& S

Yo s o — r— Foquony e CERRSI R

Londnarkorregon ot  Avsis

ol o — ]

Daasmace

(=™

Updete Image

Haploview (vr.12) s now avaliatle fo dowrioad :

@ Tracks
@ Display Setings

@ Addvour owntracks

pMap Data and Haploview

International
apMap

International HapMap Project

Home | About the Project | Data | Pubiications | Tutorial

@32 | Englsh | Frangais | B | Yoruta

T nmatona ahtapPrect o atrasi of sl and g agences o Canade, i, Japan. Ny, hs Undad Ko nd e Unted Sttt ol bl
p researchers fnd 2 "Ahout the Intenational HapHtap Project for more inormaion

[Projoct information ]
Aoout the Project + 2005-10:20; Hapht
Garetypes, equenton and s6says o pass | and phass 1 of ha Haphiapprojctar now avaitl for bulk dowenload. The s

i Lo contain all phase | and Il data combined.

aghtop Tt

Haghtp Vg i o | T
HopM Prject Partcparts

|

- 050025 p Phasel
Recombnion s ey s o el o o

Haphap Virtor Site in Jagan

Browse Projct Data

+ 2005.0.28: HapMap Public Release 1
i Genotypes, frequency and assays for the chiomosoms 26,11,14,15 and 21 i now avaiable fo bulk download anly. Please rofe

Pubicaion s s completephece 1 A 1 o chomesoraes 1 GEL and YA samplee Th i  dump vl l hace 1o
’ ] . o G20 and i Sompee. Th allshase and
ENCODE P Gt Combne. Gentype ey or NP i i leae 1 o ol
Guidelnes ForDat Use
o |G i

- 7]

—
e e e i | www.hapmap.org
NG i T W
NCEH Varaton Dot e
Japansse SHP Databsse (JSNF)

© ez

 owniew
Overview of chrg

R T N I T e e T = e )
Tdeogran

NT contigs’
Genes/500Kb,

§t7d Swea/500KD,

T Tl [ =y
Genotuped Swes

ez
i

Refseq nenn:

i ostss

mges o500
Moo

e s

Updte Image

Haploviow (ver3.2) s now avllable fo downloac

 Tracks
@ Display Sottings

@ Addvour own racks

International HapMap Project

Horna | Asoutthe Projoct| Dta | Pbiizatons | Ttoral

Showing 19.59 kbp from chr, positions 133,045,579 to 133,065,167

nstruc name, osus, , cleking et i
magnincatn and postion.

Examples Chi20 ,Chi0:650,000.760,000 , SNPSO370650 H_153254  BRCA2 5431 ,ENmo 10

8 Scazh
opinks ‘Dswsmees prasaapinpes - Gononpe s reauancy s Smbolsandcoous s
Lanamaror Rogon aports . nays

a—— T T —— TN e
patSoure

seronzoom: << [Srwisssisn =] 2% Cap

Feehip G FaToe ahase ets onNEBTB3Hsssomy hSNP BT Sl

Nigeri, JT Japanese in Tokyv, "
& Querview
verviaw of ches
T = T T e e e T e )
Tdeogran
W contigs =
Gonos/500Kh i
al oai e
70 SwPs/s00K
& petais
Genotuped P

Data and Hap

International HapMap Project

Home | Abaut e Projct | Data | Pudicatons | Tutoral

Showing 19.59 kbp from chr6, positions 133,045,579 to 133,065,167

gene name, ocus, Sllowed. To centar an  ocafon, lickthe et Use h

] olZoom butons o change.
macnifeaton and postion

Examples CIr20, CIrg:660,000..760,000  SNPTSG70660 ,NH_153254 , BRCAZ 5431  ENmO10

Search
Hetp ks tagShpe- ~Phased Haplopes. ~Genote data- Freaueney data ~Symbels and colours se:
Landmark o Ragion Reports & Anasis
eninz [(Searcn | RN [Dowricad SNP ganotype dete. =] _Configue._| Go|
Data Source [Aotets LD Fiot =
[ 3 TSNP b124 7] fanctetsPrased Heclooe Displey i
[Anotots tog SIP Prcker
- N ownioacopen Lo
al

Overviey of Chs
£

M T ) T L g
Tdeogran,
AT contigs
Genes/sokb l
o
eerd swrs/somd &




International HapMap Project
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Import HapMap Data into Haploview

e

[ A . [
.

17 Dovrioad s show Haphap o ack? (eques et connectin)

Coes

ploview 3.
Display _analysis el

Bl

LD Pot [HEPISHBES] Check Markers | Tagaesr|

Block 1
TAT 708
CGC .200
CAT .092

Exarine haplotypes above [1 % Dr‘sv‘aya“ebxsx
® letiers

Comectwitnthiniinesit> [1 %~ e
Connest ith thick ines > [10 % " colored squares
6o
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Haploview 3.2 — vnnz_hapmap_data.tat
Ele Display Analysis Help

LD Plt | Hoplypes| Check Markers| Tagge]

ore,
TN
a0k 133055
|

151883617
151883613

Ele Display Analysis Help

pengemotpedeta GO 5| Tagger]
Loadmker dat i

nn2_hapmap_dat
Ele Display Analyss Hep

LD P&t | Haplotypes | Check Maskers| Tagger|

Ele Display Analysis Help

e
s
Tasdsok 13305k

152267952

151883617
151883613

)
3
(rs2267952, rsl883617)

D' L0
LoD 15.11

r-squared: 0.607

D' conf. bounds: 0.85-1.0
Frequencies:

kN +

6

T
e
cw
T Bt
- o

ore,
TN
a0k 133055

Output Format
@ Tea € PUGIsge T~
Range:

cm et [ o [ O Ao
oK | Conce

BLOCK 1. MARKERS: 1! 3! 4
414 (0.708)
232 (0.200)
214 (0.092)

May not be minimal set

Haploview 3.2 — vin2_hapmay
Ele Display Analysis Hep

LD Plt | Hopltypes| Check Markers| Tagge]

LD Plot| Hapltypes| Check Markers Tagger |
Corfiuation | Resits|

Fosiion_| Force Include | Force Exclude [ Caplure tis Alele?
3304832

Minimal set of tagSNPs
based on r2

i ol st [T
 aggessive tgging: use 2matker haplotypes

© agessive tagging: use 2 and 3makes haplaypes L0 (1eshold formulimarkertess [30

FunTagger |  Reset Table

N

Haploview 3.2 — vnn2_hapma
Ele Display Analysis _Help

Takde
|

151883617
151883613

L0 P Hlotypes]| Creck Markers Tagoe |
Configuation Festts |
Tests

2267962

Alles captured by Cuent Selection
1883617
1883613

Coptured 3 aleles with mean £ of 1.0
Captured 100 percent o aleles with > 08
Using 2 SNPs in 2 tests.

Dump Tests File

Aleke

1883613

fstassen7

HapMap is not complete
variation data
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Variation data, LD, and tagSNPs
for VNN2 in European-Americans

chrs,
A
a0k 133058k

1

8

HapMap NIEHS SNPs
3 tagSNPs 9 tagSNPs

Haplotypes, TagSNPs, and Caveats

* Haplotypes are inferred

* Block-like structure assumed for some software
« Different block definitions

* Block boundaries sensitive to marker density

» Genotype savings may not be great (recombination)

Picking SNPs
Application to Association Studies
Summary
* Resources available for pair-wise LD and haplotypes
* Software for tagSNP selection available
» Be aware the limitations of the approach you choose

* Replication required by several journals

Where to Find Tagging Software

HaploBlockFinder http://cgi.uc.edu/cgi-bin/kzhang/haploBlockFinder.cgi

Haploview http://www.broad. mit.edu/mpg/haploview/
LDSelect http://droog.gs.washington.edu/IdSelect.html
SNPtagger http://www.well.ox.ac. uk/~xiayi/haplotype/index.html

TagIT http://popgen.biol.ucl.ac.uk/software.html

tagSNPs http://www-rcf.usc.edu/~stram/tagSNPs.html

Common Errors in Association Studies
Bell and Cardon (2001)
* Small sample size
« Subgroup analysis and multiple testing
« Random error

« Poorly matched control group

« Failure to attempt study replication

« Over interpreting results and positive publication bias

« Unwarranted ‘candidate gene’ declaration after identifying
association in arbitrary genetic region
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